Background: Given the relevance of any tumor invasion of the arytenoid cartilage or crico-arytenoid unit to the planning open partial horizontal laryngectomy (OPHL) for laryngeal squamous cell carcinoma (LSCC), it is important to have a reliable radiological test to assess impairments of these structures. Methods: We retrospectively compared the endoscopic, radiological, and pathological findings in patients with glottic LSCC who underwent OPHL. Results: The endoscopic finding of a reduced (impaired or absent) vocal cord motility proved more sensitive, with better positive and negative predictive values, but less specific than the radiological finding of complete arytenoid sclerosis in detecting histologically assessable infiltration of the arytenoid cartilage. Conclusions: Endoscopy retains a key role in the preoperative workup for glottic LSCC. CT evidence of complete sclerosis of the arytenoid cartilage is related to a dangerous contiguity of the tumor to the cartilage.
| INTRODUCTION
Contrast-enhanced computerized tomography (CT) of the neck still has a key role in the preoperative staging of laryngeal squamous cell carcinoma (LSCC) because of its good resolution properties in the neck, short acquisition times, and low costs. Sclerosis of the arytenoid cartilage in LSCC patients is considered one of the radiological signs of cartilage involvement by the tumor, along with erosion or lytic changes, and soft-tissue tumor abutting or engulfing the cartilages. 1 These findings are believed to be related to chronic peritumoral inflammation, which could produce such sclerosis even in the absence of tumor. 2 When sclerosis is seen in a cartilage adjacent to a tumor, the risk of invasion ranges from 30% to 50%. 3 The process of neoplastic invasion of the laryngeal cartilages involves early inflammatory changes in the cartilage adjacent to the tumor inducing new bone formation (before any actual tumor invasion), followed by osteolysis, and then actual invasion by tumor cells. 4 Sclerosis of the arytenoid may therefore be the only early sign of cartilage invasion by the tumor. 3 Arytenoid sclerosis may be an incidental finding. A 16% prevalence of this condition was reported in a population of patients without LSCC, and 81% of these idiopathic sclerotic arytenoid cartilages were seen in women. 3 Zan and coworkers investigated this phenomenon in a cohort of healthy individuals, and reported finding an asymmetric mineralization of the arytenoid cartilages in 12.9% of cases. 5 When assessing a patient with LSCC and unilateral arytenoid sclerosis, it may therefore prove difficult to establish
All procedures performed in the study involving human participants were in accordance with the ethical standards of the institutional and/or national research committee, and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.
whether the sclerosis is due to tumor invasion, reactive changes, or normal variations. Arytenoid cartilage invasion by LSCC has important bearings on treatment. While arytenoid mobility remains the primary parameter for deciding whether the arytenoid should be removed, it is not always easy to ascertain arytenoid cartilage status on endoscopic examination. There are no endoscopic/radiological techniques currently available for objectively quantifying the degree of motility impairment of the vocal cord and/or crico-arytenoid unit (CAU).
Posterior spreading of the tumor towards the cricoarytenoid joint, with consequent arytenoid motility impairment, is considered a contraindication to open partial horizontal laryngectomy (OPHL) type II (supracricoid laryngectomy). An OPHL type III (supratracheal laryngectomy) should be performed in such cases to obtain adequate local tumor control. 6 Preliminary evidence would also point to better oncological and functional outcomes in patients with intermediate-advanced LSCC, who undergo OPHL types II and III for anterior rather than posterior neoplasms (drawing a perpendicular line from the arytenoid vocal process to the ipsilateral thyroid lamina). 7 The primary aim of the present study was to retrospectively compare the endoscopic, radiological and pathological findings in patients with glottic LSCC, who underwent OPHL to examine the reliability of arytenoid sclerosis as a preoperative clinical sign of tumor involvement. Secondary endpoints were to compare clinical (endoscopic/radiologic) and pathological staging, and to assess the level of posterior tumor dissemination from the motility impairment.
| PATIENTS AND METHODS

| Patients
The present study concerned a cohort of 100 consecutive primary glottic LSCC patients who underwent OPHL types II and III at our institution from 2010. Open surgery was adopted for the treatment of early stage glottic carcinoma in patients with bad laryngeal exposure for transoral microsurgery, who refused radiation treatment. Primary tumors were staged according to the current classification of the Union Internationale Contre le Cancer and the American Joint Committee on Cancer. 8 All patients underwent preoperative transnasal flexible video-endoscopy with high-definition white light fibroscopy (Olympus CV-180 Evis Exera II Endoscopy System, Olympus Medical Systems Europa, Hamburg, Germany). Video-clips were stored using a computerized system ( Figure 1A ), and retrospectively analyzed by the same examiner (M. Li), who was blinded to the radiological findings. In every case, any arytenoid or vocal cord motility impairment was recorded as a normal, impaired, or absent motility. For statistical purposes, cases of impaired or absent motility were pooled and considered as "reduced motility."
| Radiological assessment
All the LSCC patients underwent contrast-enhanced neck CT preoperatively at our Radiology Unit ( Figure 1B) . A standard, state-of-the-art CT examination was obtained using a multidetector Brilliance 190P 64-section scanner (Philips, Erlangen, the Netherlands) with a slide thickness of 1 mm. Patients were placed in the supine position and instructed to avoid swallowing or coughing. Axial slices were obtained from the base of the skull to the sternoclavicular joints with a scan orientation reconstructed parallel to the true vocal cords, using bone and soft-tissue algorithms to better visualize the arytenoids (as the examiner deemed necessary), then reconstructed in the coronal and/or sagittal plane. Iodinated contrast material was given intravenously with an automated power injector. The degree of arytenoid cartilage mineralization was assessed ( Figure 2 ). "Sclerosis" was defined as a prominent chalk-like attenuation of any part of the cartilage, which obliterated the marrow space in the body of the arytenoid cartilage. 5 The tumor-side arytenoid was compared with the contralateral one, and the most severely involved arytenoid was considered in cases of bilateral glottic tumor. All scans were blindly examined by the same experienced head and neck radiologist (F.S.). In every case, any arytenoid sclerosis was recorded as present vs absent, and partial versus complete. The radiologically assessed distance between the tumor and the arytenoid (T-A) was calculated with the image processing software and recorded as <1 mm, 1-5 mm, or > 5 mm. Any involvement of the crico-arytenoid joint was also recorded.
| Pathological assessment
All laryngectomy specimens were opened postoperatively, and analyzed for tumor site and extent. All sections were examined by the same experienced head and neck pathologist (P.M.). Slides stained with hematoxylin and eosin, and gross photographs were reviewed ( Figure 1C ), and assessed in terms of the degree of cartilage involvement with no knowledge of the radiological findings. All examinations were performed at ×1, ×5, ×10, ×20, and ×40 magnification with a Leica DM LB microscope (Meyer Instruments, Inc., Houston, TX) connected to a personal computer. In each case, from 2 to 10 full-length longitudinal sections containing the tumor was taken, depending on the tumor's size. The arytenoid cartilages were grossly examined, and care was taken to ensure that they were sampled when adjacent to the tumor. Sections of the opposite glottic area were always submitted. Here again, the tumor-side arytenoid was compared with the contralateral one, and the most severely involved arytenoid was considered in cases of bilateral glottic tumor. In every case, arytenoid cartilage involvement by the tumor was scored as follows: 0 = no cartilage invasion ( Figure 3A ), 1 = tumor invading the perichondrium ( Figure  3B ), 2 = tumor spread within the cartilage ( Figure 3C ). The T-A distance was assessed histologically with a micrometer and recorded as: <1 mm, 1-5 mm, or > 5 mm.
| Statistical analysis
Fisher's exact test and the Mann Whitney U test were used, as appropriate, to compare and analyze the clinical, radiological, and pathological findings. Odds ratios (OR) and 95% confidence intervals (CI) were calculated for significant values. The sensitivity (Se), specificity (Spe), positive predictive value (PPV), and negative predictive value (PNV), of the endoscopic and radiological findings were calculated in relation to the pathological finding. A P-value <.05 was considered significant. The STATA statistical package, version 14 (Stata Corp, College Station, TX), was used for all analyses.
3 | RESULTS
| Patients, endoscopic findings
The present study concerned a cohort of 100 patients with glottic LSCC, 92 males (mean age 63 AE 10 years), and 8 females (mean age 57 AE 13 years). None of the patients had previously undergone laryngeal surgery or radiation treatment. Eighty-two patients underwent OPHL type II extended to one arytenoid cartilage, and the other 18 had OPHL type III extended to one CAU. The distribution of the patients by clinical and pathological T stage is shown in Table 1 . Statistical analysis disclosed a significant difference in the clinical and pathological T classifications of the tumors (Mann Whitney U test, P < .01). Vocal cord motility was lacking in 15 cases, impaired in 34, and normal in 51.
The arytenoid was fixed in 11 cases, with impaired motility in 29, and with a normal motility in 60. The differences in vocal cord and arytenoid motility scores were not statistically significant (Mann Whitney U test, P = .18). The distribution of arytenoid and vocal cord motility by radiological evidence of complete arytenoid sclerosis is shown in Table 2 .
In the 49 and 40 patients who had an impaired or absent vocal cord and arytenoid motility, histological examination identified a distance from the tumor <5 mm in 40 and 31 cases, respectively (Fisher's exact test, P < .01 OR 10.2 CI 3.7-29.1, and P < .01 OR 5.5 CI 2.0-15.4, respectively). Infiltration of the cartilage was detected in 15 and 13 cases, respectively (Fisher's exact test, P < .01 OR 21.0 CI 2.8-901.4, and P < .01 OR 9.1 CI 2.2-52.9, respectively).
The endoscopic finding of a reduced (impaired or absent) vocal cord motility showed a Se, Spe, PPV, and PNV of 74%, 78%, 80%, and 72%, respectively, in identifying a histologically assessable T-A distance <5 mm. It achieved a Se, Spe, PPV, and PNV of 93%, 58%, 30%, and 98%, respectively, in detecting infiltration of the arytenoid.
| Radiological findings
Radiological findings were scored as "no mineralization" in four cases, "calcification" in 2, "ossification" in 40, and "sclerosis" in 54 (Figure 2) . Sclerosis of the arytenoid cartilage was complete in 44 cases, and partial in 10.
CT identified tumor invasion of the CAU in 17 cases, and complete sclerosis of the arytenoid cartilage was detected in 12 of these patients (Fisher's exact test, P = .03 OR 3.8 CI 1.1-14.9). Statistical analysis showed that involvement of the CAU correlated significantly with a reduced motility of both the vocal cord and the arytenoid (Fisher's exact test, P < .01 OR 10.2 CI 2.1-96.4, and P < .01 OR 39.3 CI 5.6-1676.0, respectively). Table 3 shows the distribution of the patients by radiologically assessed T-A distance and radiological evidence of complete sclerosis. A distance <5 mm correlated directly with a reduced vocal cord and arytenoid motility (Fisher's exact test, P < .01 OR 8.1 CI 3.0-22.0, and P < .01 OR 6.3 CI 2.3-17.9, respectively), while a distance ≥5 mm correlated inversely with impaired motility (Fisher's exact test, P < .01 OR 0.1 CI 0.0-0.3, and P < .01 OR 0.18 CI 0.06-0.4, respectively).
Of the 44 patients with complete sclerosis of the arytenoid, 35 had a histologically assessed T-A distance <5 mm (Fisher's exact test, P < .01 OR 5.8 CI 2.2-15.5). Radiological evidence of complete sclerosis of the arytenoid cartilage showed a Se, Spe, PPV, and PNV of 64%, 80%, 79%, and 66%, respectively, for the purpose of detecting a histologically-assessable T-A distance <5 mm.
Pathological examination disclosed arytenoid infiltration in 13 of the 44 patients with complete arytenoid sclerosis (Fisher's exact test, P < .01 OR 6.6 CI 1.5-38.6). Radiological evidence of complete arytenoid sclerosis showed a Se, Spe, PPV, and PNV of 81%, 63%, 29%, and 94%, respectively, for the purpose of detecting histologically identifiable infiltration of the arytenoid cartilage.
| Pathological findings
In the sample of 100 patients considered here, tumor infiltration of the hyaline matrix of the arytenoid cartilage came to light in 10 cases (Figure 3C ), the tumor spread through the perichondrium without invading the hyaline matrix in seven cases ( Figure 3B ), the tumor came close to the perichondrium (<1 mm) without infiltrating it in 28 cases ( Figure 3D) , the T-A distance was in the range of 1-5 mm in nine cases ( Figure 3A) , and it was ≥5 mm in the remaining 46 cases.
Statistical analysis revealed no significant differences between the radiologically and histologically assessed T-A distances (Mann-Whitney U test, P = .81). Among the 44 patients with complete arytenoid sclerosis on CT, the histologically assessed T-A distance was <5 mm in 35 cases (79%) (Fisher's exact test, P < .01 OR 7.5 CI 2.7-21.3). Table 3 shows the distribution of the histologically and radiologically assessed T-A distances by radiological evidence of complete sclerosis. Among 34 patients with radiological signs of arytenoid cartilage invasion by the tumor, pathological examination confirmed cartilage infiltration in 15 cases (44%). The difference between the radiological and pathological identification of cartilage infiltration was significant (Mann-Whitney U test, P = .02). Table 4 shows the distribution of the histological scores by the radiological findings.
| DISCUSSION
Given the relevance of tumor invasion of the arytenoid cartilage or CAU to the planning of OPHL procedures, it is important to use reliable clinical (endoscopic/radiological) methods to assess any impairment of these structures.
Contrast-enhanced CT contributes greatly to the preoperative evaluation of patients with laryngeal cancer, but the extreme variability of cartilage mineralization rates means that CT scans should be examined very carefully. Cartilage sclerosis may be due to calcification or to ossification processes that may be physiological consequences of aging. 9 For the present study, arytenoid sclerosis was defined as complete (not only segmental) radio-opacification of the arytenoid cartilage body to avoid this bias.
From a histological standpoint, calcification of the normal hyaline cartilage ( Figure 3E ) is caused by degenerative changes in the glycosaminoglycans, which induce the precipitation and coagulation of mucopolysaccharide-calcium complexes. 10 Sclerosis, on the other hand, is due to an intense stromal reaction, with bone formation and bone resorption ( Figure 3F ). There are mixed inflammatory cells, osteoblasts and osteoclasts in the sclerotic area, which may be secondary to the presence of the tumor even without direct neoplastic invasion.
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Such sclerotic changes are believed to be due to irritation of the cartilage by the adjacent tumor triggering reactive TABLE 3 Radiologically and histologically assessed tumor-arytenoid (T-A) distance by endoscopic evidence of vocal cord and arytenoid motility impairment [12] [13] [14] [15] In 1993, Munoz reported that the PPV of sclerosis on CT for diagnosing cartilage invasion was 46%. 13 Similarly, Agada and coworkers wrote that arytenoid cartilage sclerosis with adjacent tumor on CT was the most common reason for the erroneous upstaging of LSCC (in 14 of 17 cases). 16 On the other hand, several authors support the role of arytenoid cartilage sclerosis in detecting neoplastic contiguity. Becker et al. found that isolated sclerosis had a 68% Se and 79% Spe in predicting invasion by carcinoma, and its utility was more obvious for arytenoid than for cricoid and thyroid cartilages. 17 In the present study, complete arytenoid sclerosis showed Se, Spe, PPV, and PNV of 81%, 63%, 29%, and 94%, respectively, in detecting histologically assessable infiltration of the arytenoid cartilage. It is worth noting that, judging from the results of the present study, endoscopic evidence of a reduced (impaired or absent) vocal cord motility showed higher Se, PPV, and PNV (93%, 30%, and 98%, respectively) for detecting pathological infiltration, albeit with a lower Spe (58%), than radiological evidence of complete arytenoid sclerosis. A reduced vocal cord motility seems to be a stronger clinical sign of arytenoid involvement by the tumor. Peritumoral inflammation probably gives the impression of a greater proximity of the neoplasm to the arytenoid cartilage on CT. In the glottis (a highly mobile laryngeal site), an impaired vocal cord motility is an early sign of tumor invasion of the submucosal layers of the vocal cord. Radiological evidence of complete sclerosis of the arytenoid cartilage was significantly related to tumor contiguity in our series, however, with a T-A distance <5 mm in 79% of cases. A contiguous neoplasm makes it necessary to sacrifice the arytenoid/CAU during OPHL. In this setting, radiological evaluation of this sign retains a significant role in planning surgery, and it is less operator-dependent than endoscopic evaluation.
It is worth emphasizing a discrepancy between radiological and pathological findings for the purpose of determining arytenoid cartilage infiltration. In most of our cases with radiological evidence of tumor involvement of the arytenoid, pathological examination demonstrated that the tumor did not actually infiltrate the cartilage, but was spreading tangentially to the perichondrium ( Figure 3D ). It was only in the most advanced cases that invasion of the full thickness of the perichondrium and cartilage erosion was evident. Interestingly, there were no cases of destruction of the arytenoid cartilage in our sample.
As shown in Table 1 , the endoscopic and radiological T classifications showed understaging of the neoplasms in the present study sample. Reviewing our charts, we found that this was due in most cases to the large number of pT3 tumors with an apparently limited motility impairment of the vocal cord, erroneously classified as cT2, and in a few cases to the radiological misdiagnosis of an initial tumor involvement of the inferior paraglottic space. Given these results, it is clear that endoscopic classification alone is scarcely reliable (as well as being operator-dependent). It nonetheless retains a key role in the preoperative diagnostic work-up, because of the early vocal cord motility impairment that occurs in cases of invasive carcinoma.
The current TNM staging system does not differentiate between impairments of vocal cord and arytenoid motility. In the present cohort, there were no significant differences between the vocal cord and arytenoid motility scores (P = .18), but we recommend assessing this endoscopic finding during the preoperative diagnostic work-up. This is because anterior glottic SCCs may present with an impaired vocal cord but normal arytenoid motility, and this needs to be borne in mind when deciding whether to sacrifice the ipsilateral arytenoid.
Arytenoid motility impairments may also be due to invasion of the crico-arytenoid joint, however, rather than to any involvement of the arytenoid cartilage. In such cases, it is worth considering the sacrifice of the CAU (OPHL type III), which would be preferable to supracricoid laryngectomy (OPHL type II).
MRI is playing an increasingly important role in the staging of laryngeal tumors. T1-weighted MR images enable the invaded marrow of ossified cartilage to be differentiated from normal bone marrow, and the stronger signal intensity of the tumor on proton-density images enables it to be differentiated from non-ossified cartilage. 12 Several authors recommend MRI as the modality of choice for the diagnosis of cartilage invasion. 12, 18 In particular, DWI MRI showed a higher Spe than CT (85% vs 68%) in detecting cartilage erosion. 19 Recent developments in MRI technology, such as the use of dedicated surface coils, have also allowed for high matrix resolutions. In the hand of experienced head and neck radiologists, the use of these devices would reportedly provide results comparable with the diagnostic accuracy achieved by using a contrast medium. 20 This would lead to shorter acquisition times, which would make MRI even more accessible. On the other hand, Zbaren et al. found MRI significantly more sensitive but less specific than CT in detecting neoplastic cartilage invasion. 14 The unsatisfactory PPV of MRI would be related to peritumoral inflammation prompting overstaging, 21 which would result in overtreatment. MRI could be useful tool for recognizing involvement of the posterior paraglottic space, which cannot be assessed endoscopically. Diffusion through the thyro-crico-arytenoid space is currently considered a critical mode of extralaryngeal tumor spread. On this level, the limit between the intralaryngeal and extralaryngeal spaces is difficult to define, even on pathological examination. In our experience, tumors involving this subsite cannot be handled endoscopically. The contiguity of the tumor to the crico-arytenoid joint also makes it necessary to sacrifice the CAU (OPHL type III), but even subtotal laryngectomy would achieve low local control rates for tumors involving the posterior paraglottic space. In such cases, the total laryngectomy option should be carefully considered, and preferred to OPHL type III.
If MRI is the "future" for the radiological assessment of the larynx, the abovementioned limitations need to be kept in mind. The main strength of CT still lies in its ready availability, which makes it the radiological investigation of choice for preoperative staging at most institutions. Highvolume laryngological cancer centers should nonetheless have equally easy access to both MR and CT imaging.
| CONCLUSIONS
Although it is operator-dependent, endoscopic examination retains a key role in the preoperative diagnostic work-up for glottic LSCC. CT evidence of complete sclerosis of the arytenoid cartilage is related to a dangerous contiguity of the tumor to the cartilage. In the presence of this radiological picture, it is probably worth sacrificing the arytenoid (or CAU) during OPHL.
